Scale invariant presentation of inclusive spectra in terms of light front variables is proposed. The variables introduced go over to the well-known scaling variables x F = 2p z / √ s and x T = 2p T / √ s in the high p z and high p T limits respectively.
The study of single particle inclusive processes [1] remains one of the simplest and effective tools for the investigation of multiple production of secondaries at high energies. The consequences of the limiting fragmentation hypothesis [2] and those of the parton model [3] and the principle of automodelity for strong interactions [4] have been formulated in this way.
It is interesting to note the properties of ξ ± -variables in some limiting cases. Let us choose the centre of mass frame, where:
The upper sign in Eq. (4) is used for the right hand side hemisphere and the lower sign for the left hand side hemisphere in the centre of mass frame.
Consider two limiting cases: 1) |p c z | ≫ p c T -fragmentation region, according to the common terminology. In this case:
2) p c T ≫ |p c z | -high p T -region. In this case:
Thus, in these two limiting regions of phase space ξ ± -variables go over to the well known variables x F and x T , which are intensively used in high energy physics. ξ ± -variables are related to x F , x T and y as follows:
The region |ξ ± | < m c / √ s is kinematically forbidden for the ξ ± -spectra integrated over all values of p c 2 T , and the region |ξ ± | < m c T / √ s is forbidden for the ξ ± -spectra at fixed values of p c 2 T .
In the present paper we study the inclusive reactionpp → π ± X at 22.4 GeV/c of the incident momentum. The details of the experiment can be found in [31] . In this case it is sufficient to study the right hand side hemisphere only, due to the CP-symmetry of the reaction.
In Fig. 1a the ξ + -distribution of π ± -mesons is shown.
ξ + -distribution has two features, which makes it differ from the corresponding x Fdistribution: 1) existence of the forbidden region near the point ξ + = 0 (cross section vanishes in the region |ξ
2) existence of maximum at someξ + in the region of relatively small ξ + .
It is convenient to introduce the variable
in order to enlarge the scale in the region of small ξ + . The maximum atζ + is also observed in the invariant differential cross section 1 π dσ dζ + . However, the region ξ + >ξ + goes over to the region ζ + <ζ + and vice versa (see Fig. 1b ).
In order to study the nature of this maximum we have investigated the angular and p 2 T -distributions of π ± -mesons in the regions ξ + <ξ + (ζ + >ζ + ) and ξ + >ξ + (ζ + <ζ + ) separately. The results are presented in Figs. 2a and 2b. The angular distribution of particles with ξ + >ξ + (ζ + <ζ + ) is sharply anisotropic in contrast to the almost flat distribution of particles with ξ + <ξ + (ζ + >ζ + ). The slopes of p 2 T -distributions differ substantially. Note, that the surfaces of constant ξ + are the paraboloids
in the phase space. Thus the paraboloid
separates two groups of particles with significantly different characteristics.
It seems to be interesting to use ξ ± and ζ ± variables in deep inelastic electro -and weak production processes, in e + e − -annihilation and in relativistic heavy ion collisions (see in this connection recent reviews [32] [33] [34] [35] [36] [37] [38] and references therein) and to perform also event by event analysis.
To describe the spectra in the region ξ + <ξ + (ζ + >ζ + ) the simplest statistical model (see, e.g. [39] ) with the Boltzman f (E) ∼ e −E/T and the Bose-Einstein f (E) ∼ (e E/T − 1) −1 distributions has been used.
The distributions 1 π dσ dζ + , dσ dp 2 T and dσ d cos θ look in this region as follows :
Ef (E)dp
dσ dp 2
f (E)dp z ,
where:
The experimental distributions 1 π dσ dζ + , dσ dp 2 T and dσ d cos θ in the region ξ + <ξ + (ζ + >ζ + ) have been fitted by Eqs. (12), (13) and (14), respectively. The results of the fit given in Table 1 and Figs. 1b, 2a, 2b show satisfactory agreement with experiment.
In the region ξ + >ξ + (ζ + <ζ + ) ζ + -distribution has been fitted by the formula:
and the p 2 T -distribution by the formula: dσ dp 2
Note that in the region ξ + → 1 the parameterization (19) goes over to the well-known quark-parton model parameterization (1 − x) n with x = x F = 2p z / √ s. The results of the fit are given in Table 2 and Figs. 1b and 2b. Since the dependence (1 − x) n which is derived for x → 1 describes the data even in the region x → 0 (where, in general, it must not work), but the dependence (19) deviates from the data in the region of small ξ + , it seems that the analysis of data in terms of ξ + and ζ + -distributions is more sensitive to the multi-component models of multi-body production at high energies.
Thus the spectra of π ± -mesons in the region ξ + <ξ + (ζ + >ζ + ) are satisfactorily described by the formulae which follow from the statistical model. The same formulae when extrapolated to the region ξ + >ξ + (ζ + <ζ + ) deviate from the data. On the other hand, the dependence (1 − ξ + ) n is in a good agreement with data in the region ξ + > ξ + (ζ + <ζ + ) and deviates from them in the region ξ + <ξ + (ζ + >ζ + ) (see Fig. 1b ).
It is interesting to recall the similar situation in the study of black body radiation, where the Wien formula describes the low frequency part of the spectrum and does not describe the high frequency part, whereas the situation is reversed in the case of Rayleigh-Jeans formula (see, e,g, [40] ). To illustrate this in Fig. 3 the black body radiation intensity according to the Wien, Rayleigh-Jeans and Planck formulae are plotted against the dimensionless variable x =hω/kT .
In conclusion, we feel that the use of the variables ξ ± and ζ ± can help to distinguish in between different dynamical contributions, or test basic principles in other types of analysis, such as two-particle correlations, HBT -interferometry [41, 42, 43] and transverse flow studies [44] . 
dσ dp 2 T 0.8 ± 0.03 6.0 ± 0.1 2.8 ± 0.3 45/29 fit of the data in the region ξ + <ξ + (ζ + >ζ + ) by the Boltzman distribution. p 2 T -distribution of π ± mesons in the reactionpp → π ± X at 22.4 GeV/c (2b), fit of the data in the region ξ + <ξ + (ζ + >ζ + ) by the Bose-Einstein distribution, . fit of the data in the region ξ + <ξ + (ζ + >ζ + ) by the Boltzman distribution, fit of the data in the region ξ + >ξ + (ζ + <ζ + ) by the formula (20) . 
